We model the consumption life cycle of cultural goods by taking into account the size of the targeted group and the effect of social interactions. We compare the model with empirical data from the film industry obtaining a good agreement. The model grants a quantitative measure of the valorization of the good based on the relative values of the coupling between agents who have experienced the good and the ones who have not.
Introduction
Investigation of cultural goods consumption in the economic field has been restricted, in general, to total demand empirical studies. Most of these have followed the original guidelines set by the earliest authors, such as Baumol & Bowen [1] or Moore [2] ). Variation in quality has been consigned to a residual status, focusing in the effect of prices and income as explanatory factors. In the empirical study of demand for motion pictures performed by Blanco & Baños-Pino [3] , the availability of alternative leisure activities was also considered. Models, explicitly considering the impact of quality on final attendance, incorporate it either as an expected value at the individual level (Thorsby [4] ) or as a macro variable obtained ex-post from critic's review indexes (Urrutiaguer [5] ) or from online reviews(Chevalier & Mayzlin [6] ). The latter authors are not concerned with the structure of the consumption cycle, their work is close to ours in the sense that online-reviews act as a form of word of mouth (WoM) communication, a crucial component of our model.
However useful, demand studies as the ones surveyed above do not account for the dynamics of the consumption life cycle of the cultural good and, more importantly, they do not discuss the ways in which the structure of this cycle is affected by the transmission of information from members who have had access to the cultural good to potential consumers. Thus, the focus in total consumption has characterized the way in which this problem has been tackled.
Beyond economic analysis, the sociologist Lipovetsky [7] has focused his work on the macro structure of the life cycle, mainly in terms of its duration. Basic principles which underly this process, however, are not identified in his work. To fill this gap is precisely, the aim of this paper.
Although the consumption life cycle can be potentially unbounded (we still buy copies from Don Quijote), here we are concerned with the primary life cycle, which finishes when per period consumption decreases below a certain threshold relative to its premiere level. A less ambiguous case is that of performing arts like theater, where producers are forced to cancel presentations when box-office revenues goes below fixed costs. The alternative cost associated with the availability of new options, effect which also applies to the film industry or best-sellers book industry, strengthens the limited duration life cycle that characterizes aggregated consumption in these environments.
In this paper, we provide a "basic principles" model for the primary consumption life cycle of a cultural good. Basically, our model assumes that this cycle is determined by three components: (i) the size of the targeted group, (ii) the prior conception about the quality of the good in question; and (iii) the word-of-mouth effect associated with agents who have effectively experienced the good and transmit their opinion to potential consumers. It will be the latter effect the one which determines the particular structure of the consumption cycle.
Our model is related to the literature on the difussion of technological innovations (Mansfield [8] , [9] and Bass [10] ) or biased transmission, as the ones studied by cultural evolutionists such as Boyd and Richerson [11] . Moore [12] argues that given the scale economies that characterizes certain technologies, e.g., database software, it is impractical (or to expensive) to do small-scale experiments and, thus, word-of-mouth becomes an important part of the diffusion of these investment goods.
Consumption of cultural goods, however, poses a somewhat different problem for potential consumers. First, "early adopters" do not face the risks normally associated with the adoption of a novel technology and thus an important fraction of them will be willing to consume the good before peer's opinions become available solely on the basis of pre-opening expectations generated by the media and the producers themselves. This leads the life cycle consumption process to diverge from the standard S-shaped behavior associated with the adoption of a novel technology. Rather, for new cultural goods which become available for the general public (e.g., a new movie or a new book), initial attendance is high and all along the consumption cycle a decreasing rate of attendance change is generally observed. For the particular case of the film industry, which will be empirically investigated here, only small productions or independent films show a consumption life-cycle that resembles that of novel technology adoption. Our model captures both structural forms of aggregated behavior.
The Model

Definitions
We now present a model of cultural consumption based in the following assumptions.
• Each agent attends or purchase a cultural good only once.
• The probability that an agent attend or purchase the cultural good is affected by interactions with agents who have attended the good.
The different quantities associated with the model will be expressed using the following notation. N (t) will represent the number of agents that have not attended or purchased the good at discrete time t, while P (t) will represent the probability that an agent who have not attended or purchased the good, decides to purchase it or attend it at discrete time t.
The observable quantity that can be measured is the number of agents who have attended or purchased the good as a function of time, we will call this quantity A(t) which in our model will be given by the product A(t) = P (t)N (t) which is nothing more than the expected number of agents attending the good.
Before the cultural good is available for its potential consumers, agents have a prior conception about its quality, which comes from the information of pre-observable features of the good and its price. In the case of a movie, its budget or the cast would be observable variables that affect this prior. The availability of this information will depend on the commercialization strategies of the producers and distributors. Irrespective of the way in which these strategies are conceptualized, i.e., whether publicity is taken as an information provider or as a persuasive device, its effects in our model are equivalent: they affect the prior conception about the good in question and, therefore, agents likelihood of effectively purchasing it. We will denote this likelihood by P 0 , on the other hand we will call the initial target population N 0 which represents the total number of potential attendants of the good before it becomes available.
An Atomized Society with no Supply Restrictions
The simplest case is the one of an atomized society where agent's decisions are independent from each other, both in terms of information -the opinion of agents who have participated in the consumption of the cultural good do not influence the decision of potential consumersand in terms of consumption -there are no network externalities associated with timely coordinated consumption. For this case we also assume that restrictions on the supply side do not apply -the whole targeted population could simultaneously participate in the consumption of the good and the horizon of its exhibition has no time limit.
In this case the probability of attending the good does not depend in time and it is equal to its initial value P 0 . The system dynamics can be described by considering that the expected attendance at a given time is given by the product between P 0 and N (t) and that at the beginning of the process no agents have purchased or attended the cultural good. After the first time step some agents will have attended/purchased the good, we will therefore have to discount them from the ones who have not. Thus the temporal variation of N will be given by
Approximating the discrete variables by continuous ones and noticing that at the first time step attendance is given by N 0 P 0 , we can conclude that the general solution of equation (1) has the form
Cultural Consumption and the Effect of Social Interactions
Once the effect of social interaction are considered, P (t) becomes a dynamical variable that changes in time due to two main contributions. The first one is the one associated with the word of mouth effect, and represents the change in the probability of attending the good induced by the information about it transmitted between the agents. In a non-atomized society opinions formed during cultural consumption processes are communicated to other agents altering the probability of purchasing or attending the good. After the first period of attendance, residual potential consumers have access to the opinion of the first period audience. This effect is cumulative as the residual consumers have potential access to the opinions of audiences from the previous time steps 1 . We will assume that the change induced in P (t) by this effect will be proportional to the probability that agents in its same segment, who have not attended/purchased the good, meet with agents from different segments which have purchased or attended the good, the proportionality constant associated with this term will, be the one representing the strength of it. The second contribution we considered is the one associated with coordinated consumption, in the case of performing arts, agents usually attend in groups, therefore agents who have not attended the good are less likely to go if they are not able to find other agents to keep them company. The change induced by this effect will always reduce attendance likelihood and it is also proportional to the probability that agents who have attended the good meet with ones that have not 2 . Therefore when we consider the effect of social interactions we can write the change in the probability of attending the good as
where S + represents the proportionality constant associated with the effects of information flow while S − is the one associated with the social coordination effects. From now on we will focus on the case in which S + can take positive and negative values, this represents the fact that information transmitted between agents can stimulate or inhibit the future attendance of other agents. On the contrary the term S − will always contribute negatively, this is because coordinated consumption can only reduce the likelihood of attending a good for dis-coordinated agents.
1 In our model, the WoM process is one of first order (only opinions of effective attendants are payed attention to). Alternatively, one could consider one of n th order where opinions are transmitted to residual consumers also via agents who have not yet participated in the consumption of the cultural good. Qualitative properties of an n th order process in which the effect's strength diminishes over time, would be equivalent to the 1 st order process investigated here. Wu et al. [14] have shown that information flow remains bounded as along as the likelihood of transmitting information remains sufficiently small.
2 The latter cause of change introduced can also be associated with other social behaviors. An example of this is that agents do not consume coordinately just because of company, but can do so independently but at similar times, so they can discuss the good in question latter.
Analytical Solution
We have found an analytical solution for the continuous version of the system in the case in which S + , S − do not depend on time and the effects are not cumulative. In this case the system reduces to N (t + 1) = N (t) − P 0 N (t).
which in the continuous case can be represented by
where
To find a solution we notice that eqn. (7) can be substituted into eqn. (8) . This gives us a third differential equation relating N and P which can be solved and used to introduce the initial conditions of the system in the following way:
We replace this result back on eqn. (7) and integrate it to find that the solution of the system is given by
where the constant B is defined as
. Figure (1) shows the attendance as a function of time as well as the accumulated attendance normalized by the total target population (A(t)/N 0 and t A(t)/N 0 ). The segmented line represents the atomized behavior occurring when P (t) remains constant throughout the process, it also divides the behavior of the system in two, the solutions that lie above it are examples of cases in which σ is a positive quantity, this are examples of systems which are dominated by a strongly favorable word of mouth effect. On the contrary, the lines that lie below the dashed one are the ones for which σ is a negative quantity and are dominated by coordinated consumption.
In our model the strength of social interactions -S + and S − -act directly over the population, altering the likelihood that agents attend or purchase the good. Thus agents are not (7) and (8) while the segmented line represents the atomized behavior described in eqn. (3). B.-) shows the fraction of agents who have attended the good before or at that precise time.
rational optimizers who take their decision over the basis of a Bayesian update 3 of their beliefs. Agents are only required to be considerate about one another's opinions and availability.
Empirical Analysis
The model represented by eqns. (5)(6)was validated by contrasting it with the U.S. boxoffice data available at the Internet Movie Database (IMDb) web site. We considered the 44 movies with the highest budgets of 2003 as our sample set and performed a χ 2 estimation procedure on all movies in order to find the parameter set that most accurately fitted the empirical results.
The model has 3 free parameters, the two initial conditions, N 0 and P 0 , and the constant representing the strength of social interactions σ. The parameters used in the χ 2 minimization process were σ and N 0 while P 0 was determined by matching the first data point on the data set with the first data point in the model-P 0 = (F irst Data P oint)/N -, reducing the number of free parameters to just two. The data set considered did not contain weekly attendance as a function of time but the weekly gross collected by the movie. We will consider that the amount of money collected in the box office by a movie is a linear function of the number of people that attended it. This allow us to do our empirical analysis based on the weekly amount of money collected by a movie, which is equivalent to making the analysis based on the number of agents attending it, because of the argument presented above. Figure ( 2) shows the distribution of values for σ obtained using the data set and the procedure explained above. We observe that the distribution has a well defined mode and mean and can be used to interpret the values of σ obtained using this model.
We will consider that coordinated consumption has the same effect on all motion pictures implying that the value extracted for σ represents the actual effect that the word of mouth effect has on the consumption life cycle. With this assumption, coordinated consumption only introduces a shift in the value of σ. Reading our results in this way implies that the actual value of σ, relative to the ones obtained by other movies in the distribution presented in figure (2) , represents a quantitative measure of the observed quality of the good, or in a more simple language, a quantitative measure of opinion.
Figure (3) shows three plots comparing the model with the empirical data. The movies were chosen because they represented the 3 different behaviors that were expected from the model and that appear to be present in nature. The first movie on figure (3) represents a blockbuster movie that had a favorable reception, this is manifested by having a relatively good value for σ = −0.31, in accordance to the distribution presented on figure (2) . The second movie represents a film that had an initially poor attendance and was able to gain audience through a positive evaluation transmitted by word of mouth (σ = 0.54), while the third one is an example of a blockbuster film that was badly evaluated by the audience (σ = −0.6)
4 . 
Conclusion
A dynamical model representing the life cycle of cultural goods was was introduced. The assumptions of the model were the following.
• Agents do not attend the same cultural good twice or more.
• The probability that agents attend changes in a way which is proportional to number of agents who have attended the good times the ones who have not.
The first of this assumptions is the one that gives rise to the exponential decay that characterize the tail of this process, while the second one is the one that allows the system to adjust its decay according to the social interactions present in cultural consumption. In agreement with the model for the life cycle of cultural consumption presented in this paper, two classes of behavior are predicted. The first class is characterized by a monotonic decay with an exponential tail. It is important to stress out that the accuracy of the fits presented in figure ( 2) are considerably increasing by considering our model over a simple exponential decay. Looking closely at the first and third panels of this figure it is easy to see that the slope followed by the data changes in time, the first points have a slope which is considerably more negative than the ones in the tail, a simple exponential fit will be accurate in only one section of the curve, but would fail to fit both. This makes our model behave differently than the one of Bass [10] because its curvature in a log-linear scale is convex, while the one of him is concave - Figure ( The curve representing our model (labeled after the authors HCR) defines a convex function in a log-linear scale, while the one of Bass behaves as concave one. This difference is the one that allows our model to accurately fit the empirical data.
The second class of behavior arises when the strength of social interactions -σ-is high enough, and, therefore, a positive word of mouth effect becomes stronger, a second class of behavior emerges. In this case a period of increasing attendance exists, until a maximum is reached. After this, the first class of behavior develops. The latter case, which reflects somehow scarce initial information about the quality of the product, finds certain resemblance to the problem of technological diffusion mentioned before. These predictions are confirmed when the model is tested using consumption data from the film industry.
If this work is to be used as a forecasting tool for the cultural industry, (i) estimates of the size of each segment of the target group, (ii) likelihood of attendance of agents belonging to each group and (iii) their expected observed quality of the good would have to be built before the cultural good is available for the potential consumers. Furthermore, over this basis, cost-effectiveness indexes could be generated. For instance, for a given quality and target group, the monetary benefits of investing money in publicity could be computed.
In addition, our model serves as a quantitative estimator of the opinion generated by agents attending a particular film. A negative bias is observed when we look at the σ distribution presented in figure (3) . We argued that this was due to the fact that agents consume performing cultural goods in a coordinated manner, other reason for this shift could be that competing films could remove agents from the potential attendants pool of movies different than their own. This comes from the fact that agents usually budget some of their time for leisure, therefore attending any movie will result in a removal from the potential attendance pool of all movies until leisure time is re-scheduled by the agents.
A natural extension for the model analyzed here is to consider the more general setting in which the agents face a number of cultural options and a limited budget for a given period. Indeed, the negative bias in the distribution of σ values observed in this study could be associated with the underlying effect of cultural competition. Another route of more empirically oriented research could be associated with the investigation of longitudinal processes in order to explore how the structure of the consumption life cycle has evolved along the last decades. A more complete analysis of the movie industry database should be carried out in order to understand the nature of this long-term structure.
The a posteriori, or reversed engineering, definition of the observed value of the cultural good presented here can be used to compare the tastes of consumers in different countries. This could help targeting film publicity and distribution in a more effective way.
